During an investigation of post-ischaemic paraesthesiae (Merrington and Nathan, 1949) it was noticed that during the period of ischaemia any small cutaneous lesions, such as cuts or scratches, made themselves felt, whereas they had not been noticed before. That this was no idiosyncrasy of the present author was shown by the case of a laboratory technician who had dermatitis due to formalin; he was surprised to find that shortly after the application of the cuff he felt every lesion on his fingers, although he had not previously noticed their presence. It was then considered that this phenomenon ought to be investigated at some later time. When Armstrong, Dry, Keele, and Markham (1951) published their method of producing fairly standardized blisters by cantharidin plaster, it was seen that these blisters could be used for the investigation of this phenomenon.
The purpose of this study has been to investigate the pain that may arise from a previously painless lesion when the limb is rendered ischaemic, and to relate this phenomenon to other relevant knowledge.
Material and Methods
The experiments were performed on three subjects, the author, a colleague, and the laboratory technician mentioned above, who continues to have dermatitis.
Ischaemia in the limb was induced by inflating a sphygmomanometer cuff to a pressure of 200 mm. of mercury; on the upper limb the cuff was placed with its lower border 2 cm. proximal to the medial epicondyle; on the lower limb it was placed with its lower border 3 cm. proximal to the upper edge of the patella. Ischaemia in a short segment of nerve trunk was induced in the case of the radial nerve by means of a strap 10 cm. wide loaded with a weight of 5 kg., and in the case of the ulnar nerve by leaning the elbow on the table, care being taken to apply the weight of the limb to the ulnar nerve in its groove.
To produce lesions in the skin of the dorsum of the hands and fingers, it was found that it was necessary to use double the strength of cantharidin used by Armstrong and others. Plasters containing 0-4% cantharidin were applied for eight hours or more. The superficial -layers of the epidermis raised by the blister fluid were then removed, and this left exposed a small area of the deeper layers of the epidermis; this exposed area will be referred to as the ulcer. The lesions due to the reaction to formalin were used, and also blisters on the toes which happened to result from much walking in a hot climate in ill-fitting shoes.
As the pain of these ulcers induced by the ischaemia is very slight, methods of increasing it' were investigated. It was thought that the ulcer might be made more sensitive by applying irritant substances to it before the experiments with ischaemia were carried out so that, although the ulcer was painless at the onset of ischaemia, it might give rise to more pain than an ulcer not so treated, during the period of ischaemia. Accordingly, various solutions of known pain-producing agents were applied to the ulcers for some minutes before the application of the cuff; such were potassium chloride, acetic acid, and histamine. The pain caused by these substances was only transient, lasting about two minutes. As there was no lasting effect of heightening the pain felt during ischaemia, no further report of this part of the work will be given. Deep All pain gone. Other lesions were not felt throughout. It will be noted that in this experiment lesion c, which was a deep one, was not felt. Nor was lesion g, but as it was covered with scabs, it-is unlikely that there were any free nerve endings to be irritated. This experiment confirms Experiment 4; it is the more striking as the subject has no knowledge of anatomy and could not know which lesions lay within the distribution of the ulnar nerve and which within that of the radial. It may be concluded, that although the ischaemic pain can be induced by rendering a proximal segment of the nerve ischaemic, it can do so only when there is a nervous discharge from free nerveendings within the lesion. This condition is confirmed by the next experiment. Here the free nerve-endings within the lesion are left intact, but a block is placed on the nerve between the lesion and the cuff. Two per cent. procaine hydrochloride, 2 ml., was injected into the skin, just proximal to the ulcer, as shown in Fig. 3 .
One minute aft&r the injection of the anaesthetic solution acetic acid was placed on the ulcer to test its sensitivity; it was felt minimally. Three minutes later, when acid was put on it again, nothing was felt. The Four hours later the effect of the local anaesthetic block had worn off, and stimulation of the ulcer caused pain. The cuff was re-applied. After two and a half minutes the ulcer was distinctly felt, and continued to be obvious for 10 minutes.
This experiment, by another method, confirms the conclusions drawn from Experiment 7. Although ischaemia induced in a segment of nerve a long way proximal to a lesion causes pain, it does so only when free nerve-endings are functioning at the site of the lesion. Experiment 9.-The effect of alkalaemia was studied. As some of the changes in function which occur when a nerve is subjected to ischaemia also occur when the nerve is subjected to alkalaemia, it was of interest to find out if over-breathing also makes the painless lesions painful. The cantharidin plaster was applied for 18 hours. Overbreathing was performed half an hour after the superficial layers of the epidermis had been removed.
The area of the ulcer was 0-5 X 0 25 cm. Overbreathing was continued for 100 seconds. After 60 seconds tingling in the tips of the fingers was felt. Before the 100 seconds were past, the ulcer, which is proximal to the metacarpo-phalangeal joint and thus proximal to the area of tingling, became definitely but very slightly painful.
It may be concluded from this experiment that alkalaemia as well as ischaemia can make the lesion painful.
Experiment 10 (a) and (b).-These were designed to study the effect of combined ischaemia and alkalaemia. The lesion consisted of an ulcer on the dorsum of the right foot situated between the first and second digits over their metacarpo-phalangeal joints. The ulcer was 0-75 x 0 75 cm.; it had a purulent base, and was surrounded by 1 to 2 cm. of oedematous tissue. This experiment shows that for deep pain as for skin pain the combined effect of ischaemia and alkalaemia induces more pain than either alone.
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Conclusions
The observation that when a limb is rendered ischaemic lesions in the skin or muscle which were not felt may become felt and (or painful suggests the following questions : (1) Does the ischaemia cause the phenomenon under consideration by making the free nerve-endings in the lesion discharge, whereas they had not been doing so before the ischaemia, or (2) does it act by " magnifying " the discharge which was already present, but very slight and not appreciated as pain ? (3) Thus, the effect of ischaemia applied to nerves, as reported in this previous work, is to cause an increased excitability or irritability of the nerve rendered anoxic. It is probable that the ischaemia affects all types of nerve fibres in this way.
The phenomenon investigated in the present work, however, differs in one main respect from the work mentioned above. It was shown by Merrington and Nathan that the nervous discharge investigated by Kugelberg arises in the segment of nerve rendered ischaemic; the paraesthesiae, which are the sensations accompanying the breakdown in accommodation of the nerve fibres, occur where there are no nerve-endings present, as in cases of amputation or complete lesions of peripheral nerves; they also occur when the nerve distal to the cuff is blocked for conduction by local anaesthetic. Thus the kind of nervous discharge previously studied arises entirely in the part of the nerve rendered ischaemic. In the kind of nervous discharge investigated in the present study, free nerve-endings in the lesion giving rise to impulses are needed before ischaemia applied to a proximal segment of nerve can cause the sensation. Further, the fact that a block placed on the nerve between these end-organs and the segment of nerve rendered ischaemic stopped the phenomenon shows that such free nerve-endings must be discharging for the phenomenon to occur. Thus the main difference between the phenomena previously investigated by Kugelberg and by Merrington and Nathan, and that investigated here, is that in the previous phenomenon the impulses arose solely in the ischaemic segment of nerve, whereas in the present phenomenon participation of impulses arising in the periphery is necessary. It would seem that when the impulses arise solely in the nerve, paraesthesiae are felt, and when the impulses arise in the proper receptor, a normal sensation is felt.
It seems that one may conclude from this work that impulses from painless lesions may be constantly passing into the central nervous system, although under normal circumstances they are insufficient to be perceived.
It is perhaps surprising that no pain was felt during the post-ischaemic phase. For it is during this phase that the nerves are rendered most excitable. This might be accounted for by the small extent of the lesions; any slight pain from them might perhaps not be felt among the mass of pricking and tingling felt in the periphery of the limb. It might perhaps be accounted for by the different effect of the same duration of ischaemia on nerve fibres of different sizes. Far longer periods of ischaemia are needed to cause pseudo-cramp, for instance, than tingling; it could be that still longer periods of ischaemia are needed to cause postischaemic pain.
It was stated above that the lesions became more prominent in consciousness, or that they became slightly painful, or that-in one case-they started itching. It seems that one may conclude that the nerves discharging are those subserving the modality of pain. This conclusion is based not only on the nature of the sensation evoked by ischaemia, but also on the fact that the sensations are not paraesthesiae-for they require the discharge of impulses from the lesion itself-and also on the fact that the sensations are felt in the lesions of the skin and muscle, and pain is the specific modality of lesions. Hence it is believed that these slight sensations are weak, or if one may express it so, subliminal, pain. In support of this hypothesis, the work of Bishop (1944) may be referred to. He showed that stimuli which, when summated caused " frank pain ", caused, before they were adequate to give rise to pain, a pulsating sensation, " inconsequential touch ", or itch.
Two ideas which may have some general importance emerge from this study. The one is that somatic lesions which are not felt may nevertheless be discharging impulses into the central nervous system, and that such impulses could have effects. This might be expressed by saying that there is such a thing as subliminal pain. The other idea is that the discharge from such lesions may be increased so that an actual sensation is experienced, by means of everyday occurrences such as ischaemia or alkalaemia. Lewis (1942) observed that arresting the blood flow to the hand with a recent blister or to " skin rendered hyperalgesic by crisscross scratching or by ultraviolet light " causes pain when no spontaneous pain is present before the arrest of the circulation. He argued that this pain is due to the accumulation in the damaged skin of " some pain-giving substance ", and that the relief of pain in the postischaemic phase is due to the washing away of this accumulated substance. It may now be suggested that Lewis's explanations fit the observed facts less well than the concepts put forward here: that the pain occurring during ischaemia is due to the irritating effect of ischaemia on the nerve supplying the lesion, and this effect increases the minimal impulses from the free nerve-endings, which had previously been insufficient to arouse a conscious sensation.
It has been observed by Addis, Jepson, and Kellgren (1950) that arterial occlusion increases the pain of deep suppuration, operation wounds, and some cases of superficial suppuration. It may be suggested that this increased pain is also due to an increase in the excitability of the nerve fibres supplying the lesion induced by ischaemia, as described in this study. Summary
It was found that small painless somatic lesions could be rendered painful by making the limb ischaemic. An investigation of this phenomenon showed that ischaemia caused this effect when it was applied to only a short length of the nerve supplying the lesion. The lesions could be made painful also by alkalaemia. The Research in Psychiatry. The purpose of this new foundation is, in the words of the donor, " to support research into why people become mentally and emotionally ill, why they get well, how best to help them get well and how best to help them from becoming mentally and emotionally ill."
The distribution of this fund will not be confined to Yale University. Present plans contemplate that both income and principal will be expended in accordance with the stated purpose over a period of about 20 years.
At its initial meeting held in New Haven on March 27 and 28, the Board of Directors discussed organization and general policy questions. It expressed interest in the training and support of competent investigators, in the development of appropriate research methods, in encouraging the pursuit of significant problems, and in the advancement of the basic behavioral and biological sciences as related to psychiatry.
The Board invites the communication of ideas from interested sources but will not be ready to make decisions on grants for at least six months (from April, 1953) .
The temporary address of the new organization is 333
Cedar Street, New Haven 11, Connecticut, U.S.A.
